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Introduction
Nowadays, the cause, occurrence, composition, structure, and evolution of sedimentary organic matter are mainly studied by the way of organic petrology [1] [2] , which have made outstanding contributions to the evaluation of organic petrological characteristics, organic geochemical characteristics, and hydrocarbon potential of source rocks [3] [4] . Therefore, it is very important to develop a clean and efficient retorting process of oil shale. However, having a detailed understanding of organic composition of oil shale is a base for establishing retorting systems.
As the overall situation of conventional oil and gas resources becomes increasingly severe, oil shale resources start to get more and more attention. Since oil shale is characterized by beneficial features, economic values, and large resources, it is considered as an important substitutional resource for the 21st century [5] [6] . Bogda Mountain oil shale has been hot topic over the last 40 years, and many scholars have done a lot to describe the resources, oil yield, sedimentary, and metallogenic characteristics. Hu et al. [7] conducted a survey to make a simple discussion on oil shale properties, and predicted the resources. Li et al. [8] proposed the genetic type of the Bogda Mountain oil shale. Li et al. [9] investigated the sedimentary characteristics of Dahuangshan oil shale in study area. Tao et al. [10] provided new ways to assess the quality and industrial grade of Bogda Mountain oil shale. Tao et al. [11] used step-by-step pyrolysis gas chromatography technique to evaluate the oil retorting process of oil shale samples from the northern foot of Bogda Mountain.
From above studies, we can see that the resource quantity of Bogda Mountain oil shale is very large, and has a tremendous potential for developing and utilizing [5, 12] . In this study, the organic geochemical characteristics, containing information about the organic matter content, maturity, type, and chloroform bitumen A and its group composition, the sedimentary environment, the biogenic composition, and the hydrocarbon generating potential of Dahuangshan oil shale are discussed. This information is significant to develop retorting systems for Dahuangshan oil shale.
Samples and tests
A total of 60 oil shale samples were collected from three Dahuangshan profiles, which are located in the northern foot of Bogda Mountain (Fig. 1) . All samples come from Lucaogou Formation in Permian, whose lithology is dominated by sandstone, marl, dolostone, and oil shale. The average thickness of the whole formation is about 845 m, and the average thickness of total oil shale ore blocks is about 638 m.
30 oil shale samples were selected for testing and analyzing. The tests include analysing chloroform bitumen A, group composition, Rock-Eval pyrolysis, total organic carbon (TOC), Gray-King low-temperature dry distillation, and gas chromatography mass spectrometry (GC-MS 
Results and discussion

Rock-Eval pyrolysis
The information of organic matter abundance, type, maturity etc. can be quickly got from Rock-Eval pyrolysis. The TOC content of Dahuangshan oil shale varies between 8.5%-34.8%, and in about 90% of the samples the content of TOC is more than 10%. The average hydrocarbon potential (S 1 +S 2 ) of the samples is 104.7 mg HC/g. The HI of most samples is more than 600 mg HC/gTOC. The dominating kerogen type is type II 1 kerogen, indicating that Dahuangshan oil shale is rich in organic matter and has high oil generating potential (Table 1) . Pyrolysis parameters HI and OI are important indexes in reflecting the type of organic matter [13] [14] . High HI and low OI value in Dahuangshan oil shale reflect a sapropelic organic component (Fig. 2). 
Chloroform bitumen A and its group composition
The content of chloroform bitumen A in Dahuangshan oil shale is between 0.14-1.25%. The ratio of chloroform bitumen A content to organic carbon is 0.40-7.95%, and the average value is 2.57%. So the yield of soluble organic matter is relatively high, which also shows a good hydrocarbon-generating potential (Table 1) . Figure 3 and Table 1 show two remarkable characteristics of the group composition of chloroform bitumen A in Dahuangshan oil shale. One is high yields of total hydrocarbons (saturated hydrocarbons plus aromatic hydrocarbons) of 137-2721 ppm, with an average of 734 ppm, mainly composed by saturated hydrocarbons. Generally, the ratio of saturated hydrocarbons to aromatic hydrocarbons in Type I kerogen is above 1, whereas the ratio in Type III kerogen is below 1. In 30 tested samples, most of the ratios are above 1, and nearly half of the ratios reach up to 3, showing that the sapropelic parent material occupies absolute predominance. The other is the content of heavy components (asphaltenes plus nonhydrocarbons). Their content varies between 38.8-95.7% with an average value of 79.4%, and non-hydrocarbons take large proportion. Generally, the high ratio of non-hydrocarbons to asphaltenes shows a low organic maturity, which also means that the polymerization degree of lipid hetero atomic compounds is low. Through above mentioned analysis, we can see that Dahuangshan oil shale is rich in organic matter, and soluble organic matter is heavier. The transformation degree of hydrocarbon source to oil and gas is low, which can be verified by the T max value, which is approximately 440 °C. Therefore, the hydrocarbon generating potential of kerogen is not largely released.
Saturated hydrocarbon fractions
Saturated hydrocarbon fractions of chloroform bitumen A are mainly composed of n-alkanes, branched alkanes, isoprenoid alkanes, alkyl cyclohexane, cyclic sterane, terpane etc. Most of these compounds have important geological and geochemical significance, such as biogenic composition, sedimentary environment, and thermal maturity. Meanwhile, it also has significance in indicating the composition of oil products of oil shale.
Chain alkanes are the most abundant compounds in saturated hydrocarbon fraction, which occupy 50-80% in general (Fig. 4) . N-alkanes are widely distributed in chain alkanes, which always have three types of distribution patterns. The first type has double-peak structure. The former peak is composed of nC 16 -nC l8 , and some samples consist of nC 15 , nC 17 or nC l9 , which reflects the presence of homonemeae microorganisms. The later peak consists of nC 25 -nC 33 , and has often obvious odd-even predominance. It means the input of waxiness from higher plants and the low organic matter maturity of source rocks [13] . There are many kinds of biogenic origin inputting in continental lake basin source rocks, therefore, double-peak structure is the most common for n-alkanes in low maturity source rocks. The second type has three peaks, which barely exists in low maturity source rocks of brackish-saline environment. What is different from the type one is that there is one more peak between nC 22 and nC 23 . The third type has only one peak, which is common in source rocks of brackish-saline environment, and its main peak is nC 22 or nC 23 . From the above analysis, we can see that the carbon number distribution of n-alkanes is influenced by different biogenic origins and evolution of parent materials.
The Carbon preference index (CPI) is a measure of the predominance of n-alkanes with an odd number of carbon atoms, which was first proposed by Bray and Evans [15] . The CPI is expressed as a summation of the odd number homologues within a specified range of carbon numbers divided by a summation of the even number homologues within the same range [16] . Dahuangshan oil shale has the characteristics of odd even predominance, which is not significant (Fig. 5) , and has just one peak with lower carbon number (from nC 19 to nC 22 ) (Fig. 6) . It shows that most of homonemeae microorganisms are of biogenic origin, and the deposition condition were in partially saline environment.
Isoprenoid alkane in saturated hydrocarbon fractions is primarily composed of phytane series. The pristane/phytane (Pr/Ph) ratio is one of the most commonly used geochemical parameters and has been widely invoked as an indicator of the redox conditions in the depositional environment and source of organic matter [17] [18] . Organic matter originating predominantly from land plants would be expected to contain high Pr/Ph > 3.0 (oxidizing conditions). Low values of (Pr/Ph) ratio (<0.6) indicate anoxic conditions and values between 1.0 and 3.0 suggest intermediate conditions (suboxic conditions) [19] . In study area, the value of Pr/Ph in most tested samples is between 1 and 3, which reflects a reducing sedimentary environment, and the sedimentary aqueous media under moderate salinization (Fig. 7) .
As shown in Fig. 4 , the sterides and terpenoids are very common in saturated hydrocarbon fractions. From Fig. 8 and Table 2 , we can see that 17α(H)-22,29,31-trisnorhopane (Tm), 17α(H),21β(H)-30-norhopane, 17α(H),21β(H)-hopane, 17β(H),21α(H)-hopane, and 17α(H),21β(H)-29-homohopane 22S are the subjects of terpenoids. These pentacyclic triterpenoids principally come from prokaryotic organisms, and only partially from plants. As shown in Fig. 9 and Table 3 , 5α,14α,17α-cholestane 20R, 5α,14α,17α-ergostane 20R, and 5α,14α,17α-sitostane 20R are the subjects of steroids. Steroids may come from terrestrial plant, phytoplankton or zooplankton. Reduction, hydrogenation, and biodegradation are helpful to form sterane in sedimentary rocks. So the relative enrichment of steroids and terpenoids reflect the accumulation of zooplankton and phytoplankton, which is similar to Green River oil shale, rich in both steroids and pentacyclic triterpenoids (hopane) [20] . There are many kinds of compounds of aromatic fraction, with complicated composition, which bear plenty of geochemical information. They can also be used to indicate the biogenic origin, evolution, and other features of source rocks. Because of the volatilization of low-ring aromatics during the process of extraction, the tested aromatic compounds are always polycyclic aromatic hydrocarbons, including naphthalene, phenanthrene, pyrene, chrysene, biphenyl, fluorine, fluoranthene, and so on. Most of them are the aromatized degradation products from steroids and terpenoids with different biogenic origin, so they do not have significance in indicating the biogenic origin. Triaromatics in aromatic fraction are mainly composed of phenanthrene and C1-C5-alkylated phenanthrenes. There are some differences in phenanthrene series composition in genetically different source rocks. The content of phenanthrene series increases gradually with the increase in maturity of source rocks, therefore, the content of phenanthrene series is usually higher in mature source rocks compared to immature and low mature source rocks. Tetraaromatics mainly come from the aromatization during the diagenesis of organic parent material, and consist mainly of chrysene, pyrene, and its alkyl derivatives (Fig. 10) . From the above analysis, due to the input of simpler organisms, and low evolution degree of organic matter, the content of aromatic hydrocarbon products of Dahuangshan oil shale is lower compared to the content of saturated hydrocarbons. 
Conclusions
The content of TOC is over 10% in approximately 90% of Dahuangshan oil shale samples; the average values of S 1 +S 2 and chloroform bitumen A are 104.7 mg HC/g and 2.57%, respectively; dominating kerogen type is type II 1 kerogen; the T max value is around 440 °C. All those parameters indicate that Dahuangshan oil shale is rich in organic matter with a low evolution degree, and has a strong tendency of oil generation. Group composition of chloroform bitumen A shows high content of saturated hydrocarbons and heavy components and relatively low content of aromatic hydrocarbons. The composition and distribution features of saturated hydrocarbon fractions show that sedimentation conditions of Dahuangshan oils shale were moderately saline, with the accumulation of zooplankton and phytoplankton.
